The clinical benefits of using "biocompatible" neutral pH solutions containing low levels of glucose degradation products for peritoneal dialysis compared with standard solutions are uncertain. In this multicenter, open-label, parallel-group, randomized controlled trial, we randomly assigned 185 incident adult peritoneal dialysis patients with residual renal function to use either biocompatible or conventional solution for 2 years. The primary outcome measure was slope of renal function decline. Secondary outcome measures comprised time to anuria, fluid volume status, peritonitis-free survival, technique survival, patient survival, and adverse events. We did not detect a statistically significant difference in the rate of decline of renal function between the two groups as measured by the slopes of GFR: 20.22 and 20.28 ml/min per 1.73 m 2 per month (P=0.17) in the first year in the biocompatible and conventional groups, respectively, and, 20.09 and 20.10 ml/min per 1.73 m 2 per month (P=0.9) in the second year. The biocompatible group exhibited significantly longer times to anuria (P=0.009) and to the first peritonitis episode (P=0.01). This group also had fewer patients develop peritonitis (30% versus 49%) and had lower rates of peritonitis (0.30 versus 0.49 episodes per year, P=0.01). In conclusion, this trial does not support a role for biocompatible fluid in slowing the rate of GFR decline, but it does suggest that biocompatible fluid may delay the onset of anuria and reduce the incidence of peritonitis compared with conventional fluid in peritoneal dialysis.
this factor may account for the observed early survival advantage of PD in some studies. 6, 7 Recent evidence has also suggested that newer "biocompatible" PD fluids, which are neutral pH and low in potentially nephrotoxic glucose degradation products (GDPs), may be superior to conventional PD solutions for preserving residual renal function, thereby leading to improved clinical outcomes. A randomized crossover trial of conventional, acidic, lactate-buffered fluid with pH neutral, lactate-buffered, low GDP fluid in 86 prevalent PD patients demonstrated increases in renal urea and creatinine clearances over a 12-week period. 8 Subsequently, a large, retrospective, observational cohort study in Korea 9, 10 demonstrated an association between the use of neutral pH, lactate-buffered, low GDP fluids and superior survival, although this finding was potentially limited by indication bias with residual confounding. 11 Several small, short-term, randomized controlled trials have also reported that neutral pH, low GDP fluids were associated with either a beneficial [12] [13] [14] or neutral [15] [16] [17] [18] [19] effect on residual renal function. However, these studies were limited by insufficient statistical power, shortterm follow-up, high drop-out rates, treatment-associated changes in fluid status and often poor methodologic quality, enrollment of prevalent PD patients, and single-center designs.
The aim of this multicenter, multicountry randomized controlled trial was to determine whether neutral pH, low GDP dialysate better preserves residual renal function in PD patients over a 2-year period compared with conventional dialysate.
RESULTS

Patient Characteristics
A total of 185 patients were randomized to receive either biocompatible (n=92) or control fluid (n=93) (Figure 1 ). The two groups were well matched for all baseline characteristics (Table 1 ). The differences in residual renal function decline between treatments across the two 12-month periods were not statistically significant (P=0.06; Figure 2 ). When the curvature of GFR decline was alternatively modeled by analyzing log-transformed data over the entire study period, the log scale trends for the biocompatible and control groups were 20.016 and 20.021, respectively (P=0.11). Similar results were found when the linear trend over 2 years was expanded to include a quadratic trend (0.005 versus 0.008; P=0.15). Use of angiotensin converting enzyme inhibitors, angiotensin receptor blockers, and nonsteroidal antiinflammatory drugs did not differ significantly between the two groups during the study (Table 2) . Three patients in each group received radiographic contrast.
Time to Anuria
Six patients (7%) in the biocompatible group became anuric compared with 18 (20%) in the control group. Time to anuria was significantly longer in the biocompatible group (P=0.01; Figure 3 ). After adjustment for diabetic nephropathy, baseline GFR, and dialysis modality (automated versus continuous ambulatory), biocompatible fluid use was associated with a lower hazard of anuria (adjusted hazard ratio [HR], 0.36; 95% CI, 0.13-0.96).
Indices of Fluid Status
Systolic and diastolic BP, mean arterial pressure, actual weight, serum sodium, serum albumin, and hemoglobin were comparable (and not statistically significantly different) at all time points between the two groups, except for significantly lower BPs and serum albumin levels in the biocompatible group at 24 months (Table 2) . Peritoneal ultrafiltration and urine volumes were comparable between the two groups, except at 3 and 6 months when patients in the biocompatible group had significantly lower peritoneal ultrafiltration and higher urine volumes ( Table 2) . No significant differences were observed between the two groups with respect to prescribed fill volumes, dialysate glucose exposure, or nutritional indices (physician-assessed dry weight, serum albumin, creatinine excretion, or normalized protein nitrogen appearance). Icodextrin use was comparable between the biocompatible and control groups throughout the study: baseline (0 versus 1, respectively), 3 months (1 versus 1), 6 months (3 versus 2), 12 months (3 versus 4), 18 months (5 versus 5), and 24 months (8 versus 8).
Time to First Peritonitis Episode
The number of patients experiencing peritonitis was 27 (30%; 95% CI, 20%-40%) in the biocompatible group and 45 (49%; 95% CI, 39%-59%) in the control group (P=0.006). Compared with controls, the biocompatible group had a significantly longer time to first peritonitis episode (P=0.01; Figure 4 ) and a significantly lower overall peritonitis rate (0.30 versus 0.49 episodes per patient-year; P=0.01). Using negative binomial regression, the incidence rate ratio for peritonitis in the biocompatible group was 0.64 (95% CI, 0.42-0.98), after adjustment for age, sex, body mass index, diabetes, cardiovascular disease, baseline renal function, and peritoneal transport status.
Technique Survival
Sixteen patients (18%) in the biocompatible group transferred to hemodialysis due to peritonitis (n=5), catheter tunnel infection (n=2), catheter malfunction (n=1), hernia (n=1), dialysate leaks (n=2), inadequate solute clearance (n=2), social reasons (n=2), and other causes (n=1). Sixteen patients (18%) in the control group transferred to hemodialysis due to peritonitis (n=5), hernia (n=3), dialysate leaks (n=2), inadequate solute clearance (n=2), and social reasons (n=4). Kaplan-Meier analysis showed that technique survival was not significantly different between the two groups (P=0.85). This finding was not altered by including death as a technique failure (P=0.79).
Patient Survival
Nine patients (10%) in the biocompatible group died of cardiovascular (n=6), infectious (n=1), and other causes (n=2). Eight patients (9%) in the control group died of cardiovascular (n=5), infectious (n=1), and other causes (n=2). Kaplan-Meier analysis showed that patient survival was not significantly different between the two groups (P=0.20).
Adverse Events
Adverse events are shown in Table 3 and were not significantly different between the two groups, except for more frequent occurrence of peritonitis and non-PD-related infections in the control group. Non-PD-related infections included pneumonia (2 episodes in 2 biocompatible patients versus 13 episodes in 9 controls), urosepsis (2 episodes in 1 biocompatible patient versus 5 episodes in 4 controls), viral infection (0 episodes in biocompatible patients versus 3 episodes in 3 controls), septicemia (1 episode in 1 biocompatible patient versus 3 episodes in 3 controls), cellulitis (1 episode in 1 biocompatible patient versus 1 episode in 1 control), and endocarditis (1 episode in 1 biocompatible patient versus 0 episodes in controls).
DISCUSSION
Use of neutral pH, lactate-buffered, low GDP (Balance) solution in PD patients was not associated with a significantly slower decline of residual renal function in the first 12 months (P=0.17) or with a significant difference between the slope differences across the two 12-month periods (P=0.06), but was associated with a significantly delayed onset of anuria compared with conventional (stay.safe) solution (P=0.01). Biocompatible solution was also associated with superior peritonitis-free survival and significantly lower peritonitis rates. These results have important implications for the practice of nephrology 45 (45) 34 (40) 33 (41) 30 (39) 29 (39) 23 (37) 27 (41) 19 (36) 24 (41) 14 (33) 20 (42) ARB 25 (28) 29 (32) 24 (48) 21 (26) 21 (28) 17 (23) 19 (31) 15 (23) 15 (28) 13 (22) 12 (29) 10 (21) NSAID 4 (4)
2 (2) 2 (2) 1 (1) 2 (3) 1 (1) 2 (3) 1 (2) 4 (8) 1 (2) 3 (7) 0 (0)
Results are presented as number (%), mean 6 SD, or median (range 20, 21 However, these studies have had significant limitations. In the EuroBalance trial, 8 Balance solution was associated with significant increases in renal urea and creatinine clearances over 12 weeks in 86 prevalent PD patients compared with conventional solution. However, this increase in renal function was accompanied by increases in urine volume and reciprocal decreases in peritoneal ultrafiltration, raising the possibility that renal function was improved by augmented plasma volume. Moreover, the use of a crossover study design to evaluate renal function was problematic, given the nonlinear decline of residual renal function over time. 22, 23 Similar difficulties applied to a randomized crossover trial of bicarbonate-buffered dialysate versus conventional dialysate in 55 prevalent PD patients over 12 weeks. 14 More recently, the BalNet study group 12 reported that Balance solution was associated with a nonsignificant slower decline in renal function in 48 incident PD patients in four Korean centers compared with 43 patients receiving stay.safe solution. This difference became statistically significant only after multivariable adjustment for age, sex, comorbidity, and GFR at 1 month. However, peritoneal ultrafiltration fell significantly in the intervention group, despite similar dialysate glucose loads, leading to the possibility of volume-driven renal functional improvement. The DIUREST study group similarly reported a significant attenuation of residual renal function decline in 43 prevalent patients randomly allocated to Gambrosol trio over 18 months compared with 26 patients receiving one of a range of three different conventional PD solutions. 13 However, this study was limited by lack of information on peritoneal ultrafiltration volume, by an approximately two-fold higher prescription of angiotensin converting enzyme inhibitors in the intervention group, and by high drop-out rates, particularly in the control group, leading to possible informative censoring. In contrast, a number of randomized controlled trials have not shown any beneficial effect of biocompatible fluids on residual renal function. [15] [16] [17] [18] [19] Common features of these trials were that they were underpowered, did not consider nonlinear decline of renal function in their analytic models, and generally enrolled prevalent patients with lower baseline levels of renal function. As with other studies, 22, 24 we observed that renal function decline over time was nonlinear, was most marked in the first year of PD, and tended to be slower with biocompatible fluid use in this first year (although not statistically significant). A possible renoprotective benefit of biocompatible (Balance) solution was reinforced by the finding of a significantly delayed onset of anuria (an alternative outcome measure of residual renal function decline) in this group. One potential mechanism underpinning a possible benefit of biocompatible, low GDP fluid on residual renal function is reduced systemic absorption of reactive carbonyls (GDPs) from the peritoneal cavity. 25 This could lead to a reduction in the systemic load of advanced glycation end products, which have been shown to exert direct proinflammatory, proapoptotic, and pro-oxidative nephrotoxicity. 26 Because biocompatible solutions are quite variable with respect to their GDP content, such heterogeneity might explain potentially conflicting trial results. For example, the absence of beneficial effect in the randomized trial by Fan et al. 15 could be explained by the fact that 91% of patients in the intervention group received Physioneal, which is reported to contain levels of 3-dexoyglucosone (70-161 mmol/L depending on dialysate glucose concentration 27 ) that are intermediate between those of the intervention group (42-60 mmol/L) and the control group (173-324 mmol/L) in this study. 28 An alternative explanation for a possible renoprotective benefit of biocompatible fluid is reduced peritonitis risk. Numerous studies previously demonstrated that peritonitis and/or its subsequent treatment with nephrotoxic antibiotics are major risk factors for residual renal function decline. 24, 29, 30 In this investigation, biocompatible (Balance) solution was associated with an important reduction in peritonitis risk. Similar findings have been reported in 3-year 31 and 5-year 32 nonrandomized studies of biocompatible fluid. In contrast, previous small, single-center randomized controlled trials 8, [12] [13] [14] [15] [16] [17] [18] [19] have not shown significant differences in peritonitis rates, possibly due to insufficient statistical power, short follow-up durations, low peritonitis rates, Neyman bias, and drop-outs due to anuria. This investigation also showed that biocompatible fluid use was associated with a significant reduction in non-PD-related infections. The mechanisms of this observation are uncertain but could potentially relate to reductions in residual renal function decline to the point of anuria and/or the systemic load of advanced glycation end products.
Finally, in light of the observation that patients in the biocompatible group had significantly lower peritoneal ultrafiltration volumes and higher urine volumes than controls at 3 and 6 months, it is possible that some of the observed differences in GFR decline and onset of anuria between the two groups may have been volume driven. Nevertheless, the absence of significant differences in BP, weight, serum sodium, serum albumin, or hemoglobin during the study argues against significant differences in hydration between the two groups.
The strengths of this study include its large sample size, enrollment of incident patients, 2-year follow-up period, low drop-out rate, analytic consideration of nonlinear residual renal function decline, and involvement of participants from a range of centers and countries with varying approaches to PD. Stratification for center also minimized "center effects" on outcomes between the two groups. These strengths must be weighed against the study's limitations, the principal one of which was recruitment to 55% of the prespecified recruitment target of 336 patients. The major barriers to recruitment were limited center participation due to clinician bias for or against biocompatible fluid, contractual commitments of centers to other dialysis fluid suppliers, and insufficient clinical or research staff to carry out extra procedures required for the trial. For those centers participating in the trial, the major barriers to recruitment were difficulty meeting inclusion criteria (particularly GFR $5 ml/min per 1.73 m 2 and dialysis duration ,90 days at time of randomization). Although this suboptimal recruitment reduced the power of the study, event rates The serious adverse events (SAEs) row indicates the total number of events, whereas all other rows denote the number of patients experiencing an event.
were higher than anticipated and the study had sufficient observed statistical power to detect significant differences between the biocompatible and control groups. Moreover, the balANZ study is the largest randomized controlled clinical trial to date of biocompatible versus conventional PD fluids.
The open-label design of the study potentially introduced observer bias, although this was countered by the use of clearly defined, objective outcome measures. The possibility of cointervention bias due to the open-label nature of the study could not be excluded. We also did not measure serum phosphate or baseline peritoneal ultrafiltration. Furthermore, the low proportion of automated PD patients in this study may limit the generalizability of the study findings to the automated PD setting.
In conclusion, administration of a neutral pH, lactatebuffered, low GDP fluid (Balance) to incident PD patients was associated with a numerically slower, nonsignificant decline of GFR compared with conventional, standard, lactatebuffered solution (most apparent in the first year, P=0.17), which was not statistically significantly different between years (P=0.06). However, biocompatible (Balance) fluid use was associated with statistically significant and clinically important benefits with respect to delayed onset of anuria and reduced risk of peritonitis. These results are likely to have important implications for existing international clinical practice guidelines.
CONCISE METHODS
Study Oversight
The study design and methodology were previously described. 28 This study was registered with the Australian New Zealand Clinical Trials Registry (ACTRN12606000044527) and the study protocol was approved by ethics committees at all participating centers. All patients provided written informed consent before trial participation.
Participants
The balANZ trial included adult patients (aged $18 years) with ESRD who were receiving PD, had commenced dialysis for the first time within the preceding 90 days, and had both a residual measured GFR $5 ml/min per 1.73 m 2 and a measured urine volume $400 ml/d at enrollment. Exclusion criteria included an anticipated life expectancy ,12 months, pregnancy, breastfeeding, history of malignancy within the last 5 years (other than a successfully and completely treated cutaneous squamous cell or basal cell carcinoma or cervical intraepithelium-like neoplasia), acute infection at the time of enrollment, contraindications to PD therapy, any mental or physical condition that interfered with the patient's ability to comply with the study protocol, known or suspected allergy to the trial product or related products, or participation in any other clinical trial in which an intervention was designed to moderate rate of change of residual renal function. Biocompatible solution was not available for cycler therapy until December 6, 2006 , such that patients receiving automated PD were only included in the study after this time.
Study Treatment
Patients were randomized 1:1 to receive either neutral pH, lactatebuffered, low GDP Balance solutions in Biofine plasticizer-free solution bags (Fresenius Medical Care, Bad Homburg, Germany) or conventional, standard, lactate-buffered PD solutions (stay.safe) in Biofine plasticizer-free solution bags. To ensure adequate concealment of allocation, such that clinicians and participants were unaware of upcoming treatment assignments, randomization was performed centrally via a web-based system according to a computer-generated randomization schedule prepared by Statistical Revelations Pty Ltd (http://www.statisticalrevelations.com.au/), with stratification according to center and the presence or absence of diabetic nephropathy (according to local clinical diagnosis). Patients in each trial arm received standard management, as per local PD unit protocols. Balance and stay.safe fluids were already commercially available in the participating countries at the commencement of this study such that all centers were already familiar with the training of patients in the administration of these solutions. The connectology was the same for both systems. Icodextrin was permitted in both the control and experimental groups. Each patient was followed for 24 months. The trial was open label.
Study Outcomes
The prespecified primary outcome measure was slope of decline over time of residual renal function, measured as the arithmetic mean of 24-hour urinary urea and creatinine clearances at 0, 3, 6, 9, 12, 18, and 24 months. Secondary outcomes included time from randomization to occurrence of anuria (urine volume ,100 ml/d), indices of fluid balance (weight, BP, urine volume, peritoneal ultrafiltration volume, serum albumin, hemoglobin), peritonitis-free survival, technique survival, patient survival, and adverse events.
Statistical Analyses
Results were expressed as frequencies (percentages) for categorical variables, mean 6 SD for continuous normally distributed variables, and median (range) for continuous non-normally distributed variables. For the primary outcome of slope of residual renal function decline over time, a mixed-effects general linear model was fitted, including treatment group, time, center, presence or absence of diabetic nephropathy, and PD modality (automated versus continuous ambulatory) as fixed-effects terms. Patient identification number was fitted as a "random" term in the model along with time and the intercept. In this way, the model provided estimates of the rate of decline in GFR (the slope) for each patient, allowing them also to have a different intercept (starting level). From these data, an overall estimate of the rate of decline in each treatment group was determined, corrected for the fixed-effects terms. The data were assumed to be normally distributed and to decline in a linear fashion. Differences in the rate of decline of residual renal function between the intervention and control groups were analyzed on an intention-to-treat basis. Time and treatment by time effects were tested using F tests based on the Kenward-Roger method. 33 In view of the possibility of nonlinear decline in GFR, a model was also fitted that allowed the slope of the regression line to differ in the first year compared with the second year and then to allow these to also differ for the different treatments.
A possible curvilinear decline was also investigated on a post hoc basis by fitting the same model to log(GFR) and by fitting an expanded model including a quadratic term to GFR. 
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